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INTRODUCTION

The physicochemical and cellular 
composition of milk has been utilized as a criterion 
for determining the price paid to dairy producers 
and for identifying problems with herd management 
(GONZALEZ et al., 2000). Among milk chemical 

components, fat and protein are widely used to 
monitor cows’ nutritional status. High-roughage diets 
tend to augment fat content, whereas those rich in 
concentrates increase milk production, but decrease 
fat content (BAUMAN & GRIINARI, 2003). Protein 
levels are less affected by nutrition when compared to 
fat content, and their reduction is associated with low-
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ABSTRACT: This study vised to detect possible changes in chemical and cellular composition of cow’s milk at different milking sessions and 
to test if proportional or composite milk sampling can be used instead of separate milk analysis. Two experiments were conducted: one in cows 
milked thrice daily and the other one in cows milked twice daily.  In both experiments, three milk samples were collected from each cow in each 
milking session in order to determine milk composition at each milking; to have a composite sample, i.e., a single sample from the same aliquots 
of milk from each milking session; and to have a proportional sample, i.e., a single sample from each milking session in a volume proportional 
to milk volume yielded. Fat content and fat to protein ratio were higher in the afternoon on both experiments. Protein content was larger in the 
afternoon on cows milked twice daily, but not on cows milked thrice daily. Lactose level was not different across the milking sessions in any of 
the experiments. The urea level was higher in the afternoon and evening milking on cows milked thrice daily, and in the morning milking on cows 
milked twice daily. Somatic cell count did not differ between milking in any experiment. No difference in milk composition was noted between 
proportional and composite samples on cows milked thrice or twice daily. The collection of proportional and composite samples is recommended 
in twice or thrice daily milking sessions so that the analysis of milk components becomes more easy and cheap.
Key words: composite sample, milk composition, milk yield, milk somatic cells, proportional sample.

RESUMO: Este estudo visou detectar possíveis mudanças na composição química e celular do leite de vaca em diferentes sessões de ordenha, 
e testar se a amostragem de leite proporcional ou composta pode ser usada em vez de uma análise separada do leite. Dois experimentos foram 
conduzidos: um em vacas ordenhadas três vezes ao dia e outro em vacas ordenhadas duas vezes ao dia. Em ambos os experimentos, três amostras 
de leite foram coletadas de cada vaca em cada ordenha: para determinar a composição do leite em cada ordenha; ter uma amostra composta, 
isto é, uma única amostra das mesmas alíquotas de leite de cada sessão de ordenha; e ter uma amostra proporcional, ou seja, uma única amostra 
de cada sessão de ordenha em um volume proporcional ao volume de leite produzido. O conteúdo de gordura e a relação gordura:proteína foram 
maiores no período da tarde nos dois experimentos. O conteúdo de proteína foi maior à tarde nas vacas ordenhadas duas vezes ao dia, mas não 
nas vacas ordenhadas três vezes ao dia. O nível de lactose não foi diferente nas sessões de ordenha em nenhum dos experimentos. O nível de ureia 
foi maior à tarde e à noite, nas vacas ordenhadas três vezes ao dia e, pela manhã, nas vacas ordenhadas duas vezes ao dia. A contagem de células 
somáticas não diferiu entre as ordenhas em nenhum experimento. Não houve diferença na composição do leite entre as amostras proporcionais e 
compostas em vacas ordenhadas três vezes ao dia. Recomenda-se a coleta de amostras proporcionais e compostas em duas ou três sessões diárias 
de ordenha, para que a análise dos componentes do leite se torne mais fácil e barata.
Palavras-chave: amostra composta, composição do leite, produção de leite, células somáticas do leite, amostra proporcional.
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protein and/or low-carbohydrate diets (MURPHY & 
O’MARA, 1993). The lack of synchronous energy 
and protein ruminal degradation increases milk urea 
concentrations, followed by poor supply of ammonia 
for microbial synthesis (NORO & WITTWER, 
2012). The fat to protein ratio (F:P) may be used to 
indicate dairy cows’ energy balance (CUCUNUBO et 
al., 2013), as well as the presence of ruminal acidosis 
(PALMQUIST et al., 1993). It has been established 
that fat percentage has more milking-to-milking 
variations than protein (QUIST et al., 2008). Fat 
percentages may be 0.32 points higher and protein 
percentage 0.09 higher in the evening (GILBERT et 
al., 1973). The variation in the two more important 
components of milk, fat and protein, across milking 
stands out the need for adequate sampling in a dairy 
improvement program.

Analytical results of milk composition 
were affected by sampling method (NIELSEN et al., 
2005). In order to reduce labour costs, it has been 
proposed that an individual sample, obtained from 
milk aliquots from the milking session can be used for 
determination of milk composition (MEINERT et al., 
1996). However, sampling only one milk sample in 
the day may lead to misinterpretation due to milking-
to-milking variation. It could be more practical to 
analyse only one milk sample; although, based on all 
milking sessions. The aim of this study was to assess 
possible changes in cow’s milk chemical and cellular 

composition from different milkings and to assess 
two composite and proportional sampling methods.

MATERIALS   AND   METHODS

Two experiments were conducted in Rio 
Grande do Sul (Brazil’s southernmost state) on two 
dairy farms. Experiment 1, conducted with 127 
Holstein cows (160 days in milking) milked thrice 
daily (Farm A: 28º10’ south latitude, meridian 52º50’ 
west longitude, altitude 598 m). Experiment 2, conducted 
with 78 Holsteins cows (189 days in milking) 
milking twice daily (Farm B: 28º28’ south latitude, 
meridian 52º49’ west longitude, altitude 499 m). 
The cows of two experiments were raised in a semi-
housed system. 

The diet of two experiments consisted 
of corn and oats whole-crop silage, oat and Italian 
ryegrass hay, and ground corn concentrate, soybean 
bran, wheat bran, buffering agents, and minerals. The 
feed was mixed and distributed by a Total Mix wagon in 
protected troughs in the morning, and as supplemental 
food source, cows were allowed to graze on Bermuda 
grass (Cynodon dactylon). Characteristics of the diets 
and animals are shown in table 1. Water was available 
from the feeding area, from the waiting area and at the 
exit of the milking parlour.

At the end of each milking session, 
the milk produced and three milk samples were 

 

Table 1 - Diet composition (dry matter base) and cows’ characteristics on the two experiments. 
 

Parameter Experiment 1 Experiment 2 

N 127 78 
Average live weight (kg) 680 660 
Supply of dry matter/day (kg/day) 26.1 21.4 
Neutral detergent fiber (kg/day) 8.6 6.0 
Metabolizable energy (Kcal/kg/day) 2.4 2.5 
Crude protein (kg/day) 3.9 3.8 
Minerals and buffering agents (kg) 0.95 0.73 
Number of lactations (mean) 2.35 2.32 
Heifers (%) 33.0 39.4 
Cows with 2-3 calving (%) 49.0 50.6 
Cows with more than 3 calving (%) 18.0 10.0 
Days in milk (DIM, mean) 160 189 
Cows with 6-60 DIM (%) 11.9 9.0 
Cows with 61-120 DIM (%) 22.8 29.5 
Cows with 120-220 DIM (%) 43.3 27 
Cows with > 220 DIM (%) 18.0 34.5 

 
DIM: Days in milk. 
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collected from each cow on the Waicato brand 
devices. The first sample contained 40 mL of 
milk for determination of milk composition in the 
corresponding session (Experiment 1: morning, 
afternoon and evening; Experiment 2: morning 
and afternoon). The second one was used for the 
composite sample, with equal aliquots of milk from 
each milking session (Experiment 1=13.3 mL; 
Experiment 2=20 mL) which were then mixed in 
a single sample for analysis; and the third one was 
used for the proportional sample, that is the volume 
of the sample in a milking session was proportional 
to the milk total volume yielded in each session, and 
then the samples were mixed in a single sample for 
analysis. Samples were stored in flasks with bronopol 
as preservative and kept at 8 ºC. The milk was analysed 
on the day following its collection using a combination 
system (Delta Instruments), consisting of SomatoScop 
CA3A5 for somatic cell count (SCC) by flow cytometry, 
and of LactoScop FT1 for determination of milk 
chemical composition (fat, protein, lactose and urea) by 
the near infrared test. The somatic cell counts were log-
transformed (base 10) in order to obtain homogeneous 
variance.  The data from two experiments were analysed 
individually by the IBM SPSS software version 
19.0. Normality was assessed by the Levene test and 
homoscedasticity was verified by Bartlett’s test. Milk 
composition data were submitted to ANOVA (Yi= μ + 

Si+εi, where: Yi = calculated effect, μ = mean, Si=i-th 
effect of the sample, and εij= error) and the means were 
compared by Tukey’s test. Differences were considered 
to be significant when P<0.05. 

RESULTS

Table 2 shows the means (± standard 
deviation) of milk composition, somatic cell count 
(SCC), and milk yield of each milking session, as 
well as those of the proportional and composite 
samples. No differences were observed between 
proportional and composite samples regarding 
milk composition and SCC. On both experiments, 
milk yield was higher in the morning than in the 
afternoon. However, milk yield of afternoon was 
larger than the evening in cows milked thrice 
daily. In these cows, the afternoon milking session 
revealed higher fat content compared to the morning 
and evening sessions. In cows milked twice daily, 
the afternoon milking showed higher fat content 
than the morning one. The F:P ratio showed similar 
tendencies to those of fat content between milking 
sessions. Independently of the number of daily 
milking, the afternoon milking had the highest 
F:P ratio compared to the other milking sessions; 
however, F:P ratios were similar between composite 
and proportional samples.

 

Table 2 - Means (± SD) of milk yield and composition of individual samples on experiments conducted with cows with three 
(Experiment 1) or two (Experiment 2) daily milkings and of composite or proportional samples. 

 

Milking 
sessions Fat (%) Protein (%) Fat to 

protein ratio 
Lactose 

(%) Urea (mg/dL) SCC Milk yield 
(L/cow/day) 

-----------------------------------------------------------------------------Experiment 1----------------------------------------------------------------- 
Morning 
(06:00) 3.28 ± 0.52c 2.91 ± 0.29 1.13 ± 0.15c 4.56 ± 0.21 14.10 ± 2.91c 2.05 ± 0.77 13.1 ± 3.2a 

Afternoon 
(14:00) 3.98 ± 0.54a 2.98 ± 0.29 1.34 ± 0.17a 4.55 ± 0.19 15.67 ± 2.14ab 2.25 ± 0.72 10.5 ± 2.5b 

Evening 
(22:30) 3.39 ± 0.49c 2.90 ± 0.29 1.17 ± 0.16bc 4.54 ± 0.21 16.08 ± 2.50a 2.14 ± 0.76 8.9 ± 2.3c 

Composite 3.55 ± 0.34b 2.93 ± 0.21 1.21 ± 0.10b 4.55 ± 0.16 15.28 ± 1.78b 2.14 ± 0.71 
Tota=32.5 ± 5.8 

Proportional 3.54 ± 0.35b 2.93 ± 0.21 1.21 ± 0.11b 4.55 ± 0.17 15.16 ± 1.84b 2.20 ± 0.72 
--------------------------------------------------------------------------------Experiment 2---------------------------------------------------------------- 

Morning 
(06:00) 3.23 ± 0.77b 3.07 ± 0.38b 1.05 ± 0.23b 4.43 ± 0.23 12.23 ± 2.73a 2.29 ± 0.75 15.5 ± 4.7a 

Afternoon 
(18:00) 3.57 ± 0.73a 3.13 ± 0.37a 1.14 ± 0.21a 4.47 ± 0.28 10.57 ± 2.76b 2.46 ± 0.73 13.2 ± 3.7b 

Composite 3.40 ± 0.68ab 3.10 ± 0.37ab 1.10 ± 0.19ab 4.45 ± 0.24 11.40 ± 2.60ab 2.30 ± 0.71 
Total=28.7 ± 5.3 

Proportional 3.36 ± 0.70ab 3.09 ± 0.37ab 1.10 ± 0.19ab 4.44 ± 0.25 11.52 ± 2.63ab 2.49 ± 0.76 

 
Mean values in the columns for each experiment with different letters indicate significant difference (P< 0.05). SCC: somatic cell score 
(Log10 somatic cells count/mL). 
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Protein level was not different among 
milking sessions in cows milked thrice daily. 
Nonetheless, in cows milked twice daily, the afternoon 
milking showed higher protein levels than the morning 
one. Independently of the number of daily milking, 
protein levels were not different between composite and 
proportional samples. Lactose concentration was the 
same across milking sessions and between proportional 
and composite samples on both experiments. The milk 
urea content varied across milking sessions. On cows 
milked thrice daily, the lowest urea concentration 
was found in the morning milking and the afternoon 
milking revealed similar urea concentrations to the 
evening one. On cows milked twice daily, contrarily, 
the morning milking session had the highest urea 
levels. The urea concentrations were similar in 
proportional and composite samples, independently of 
the number of daily milking. On cows milked thrice 
or twice daily the SCC were similar across milking 
sessions; consequently, proportional and composite 
samples presented the same values. 

DISCUSSION

Regular milk analysis is essential for 
maintaining milk quality improvement in a dairy farm. 
The analyses in a system management consisting of 
twice or thrice daily milking imply in higher costs, so 
that the use of proportional or composite samples in 
order to analyse only one daily sample per cow would 
be more convenient in dairy control programs by 
reducing the number of samples needed for analysis. 
Accordingly, it is essential to know if the milking-
to-milking variations may be assimilated in a single 
composite or proportional sample. 

The higher milk yield in the morning 
milking session agrees with results obtained by other 
authors (GILBERT et al., 1973; WEISS et al., 2002) 
who attributed the increase in morning yield to longer 
milking intervals. Fat is the milk component that 
varied most, influenced mainly by nutritional and/or 
metabolic factors and by milking intervals (O´BRIEN 
et al., 2002). Our study reported lower fat content in the 
morning samples which may be as describe to a milk 
dilution effect, once a larger milk volume is present at 
this time of the day (WEISS et al., 2002). GILBERT et 
al. (1973) reported higher fat and protein percentages 
in the evening milking. Proportional or composite 
sampling showed fat values that were statistically 
intermediate comparing morning and afternoon/
evening samples. Based on this criterion, milk samples 
from cows milked thrice daily (Experiment 1) collected 
only in the afternoon can be conducive to the false-

positive diagnosis of ketosis, while in the proportional 
or composite sampling this misinterpretation does not 
occur in any of the farms.

Milk protein is the second most variable 
component, being influenced by the diet and by 
imbalances in rumen metabolism (GONZALEZ et al., 
2000). In agree with results observed on cows milked 
twice daily, GILBERT et al. (1973) reported that 
protein levels were higher in the afternoon milking 
of Holstein cows. It may then be inferred that the 
dilution effect on the percentage components of milk 
is noticed mainly in the morning milking sessions. No 
difference was noted in the protein percentage across 
the milking sessions as well as in the proportional/
composite samples on cows milked thrice daily. On 
cows milked twice daily; although, a difference was 
noted in the protein percentage in the two milking, 
the proportional/composite samples show statistically 
intermediate protein percentages comparing morning/
afternoon sessions.

Lactose is the milk component least 
affected by external factors. The stability in lactose 
content across the milking sessions reported in this 
study, and consequently in the composite/proportional 
samplings, reinforces the idea that this is the more 
stable molecule of cow´s milk (AULDIST et al., 
1995; GONZALEZ et al., 2000).

Urea concentration is closely related to the 
energy and ruminal degradable protein (RDP) available 
in the diet, as well as to their synchronization. Our 
study reported conflicting results on both experiments 
concerning urea concentrations across the milking 
sessions. Lower urea values were reported in the 
morning on cows milked thrice daily, while on cows 
milked twice daily the lower urea values were found 
in the afternoon. Those finding may be affected by the 
feeding management of the isolated experiments. In one 
study using grazing cows supplemented with energy 
concentrates, NORO et al. (2011) reported higher blood 
urea concentrations in the morning, while in those not 
fed with energy concentrates, the highest urea levels 
were detected in the afternoon. Urea is a blood and milk 
indicator of current nitrogen balance and it has been 
established that urea peak in milk occurs 5 hours after 
feed intake (MOORE; VARGA, 1996) which means 
that in the morning milking peak urea values should 
be lower considering the time elapsed after the last 
feeding of the day. Higher milk urea concentration in 
the afternoon milking has been reported in dairy cows 
consuming protein source with different degradability 
rates (ALVES et al., 2004). In our study, on cows 
milked thrice daily, proportional/composite samples 
showed urea values statistically compared to those of 
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the afternoon session, while on cows milked twice daily 
urea values of proportional/composite samples were 
intermediate between morning and afternoon sessions.

Milk SCC is a recognized indicator of 
udder health in cows (QUIST et al., 2008). Although, 
no differences in SCC were detected along the three 
milking sessions in experiment 1, a tendency of lower 
SCC was observed in the morning session that may 
have been influenced by the dilution effect, due to the 
higher milk yield at this time of the day (GREEN et 
al., 2006). The SCC values in proportional/composite 
samples were statistically similar across milking 
sessions, independently of the number of daily milking. 
These results suggested that milk sampling may be 
either proportional or composite for the evaluation of 
SCC on farms with twice or thrice daily milking.

CONCLUSION

The present study showed that lactose levels 
are not influenced by the time of milking on cows with 
thrice or twice daily milking sessions. Milk yield is 
affected by the time of milking with higher values in the 
morning. Although, protein and fat content, F:P ratio 
and urea concentration may be influenced by the time of 
milking in twice daily milking sessions, the composite 
or proportional samples revealed similar composition 
to those of the morning and afternoon sessions. In thrice 
daily milking sessions, the period of sampling affect 
the values of fat, F:P ratio, urea and SCC, but not of 
protein. However, proportional and composite samples 
expressed values that were intermediate among the 
three periods. As obtaining composite samples is easier 
than proportional sampling, it is recommended the use 
of composite sampling as a feasible, inexpensive, and 
reliable option for determining milk composition on 
cows milked thrice or twice daily.
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